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Nanoparticles (dia ~ 5 - 7 nm) of Bi0.5X0.5(X=Ca,Sr)MnO3 are prepared by 
polymer assisted sol-gel method and characterized by various physico-chemical 
techniques. X-ray diffraction gives evidence for single phasic nature of the materials as 
well as their structures. Mono dispersed to a large extent, isolated nanoparticles are seen 
in the transmission electron micrographs. High resolution electron microscopy shows the 
crystalline nature of the nanoparticles. Superconducting quantum interferometer based 
magnetic measurements from 10K to 300K show that these nanomanganites retain the 
charge ordering nature unlike Pr and Nd based nanomanganites. The CO in Bi based 
manganites is thus found to be very robust consistent with the observation that magnetic 
field of the order of 130 T are necessary to melt the CO in these compounds. These 
results are supported by electron magnetic resonance measurements.  
 
 
 
 
Introduction:   
The mixed valent perovskite manganites having the general formula R1-xAxMnO3  
(where R, rare earth ion like La, Pr, Nd and A is an alkaline earth ion like Ca, Ba, Pb, Sr) 
exhibit a rich variety of interesting properties like colossal magnetoresistance (CMR), 
charge ordering, orbital ordering and phase separation [1-5]. The properties of these 
manganites depend on the doping concentration (x), temperature, pressure, electric and 
magnetic fields [6-7]. Recently there have been reports on size dependent properties of 
these manganites [8-12]. But the Bi doped manganites show unusual properties in 
comparison with the rare earth based analogues though they (Bi and La) have similar 
ionic radii. The former exhibit high charge ordering up temperatures, ~ 525 K and are 
very stable even on the application of high magnetic fields. The charge ordering 
temperature of Bi based manganites increases with the increase of A site cationic radii 
unlike in the case of rare earth based manganites.  The difference in the properties of 
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these two types of manganites is attributed to the presence of highly polarizable 6s2 lone 
pair of electrons present on the Bi atom, and it is proposed that it strongly decreases the 
mobility of eg electrons and favors the charge ordering. Magnetic Fields of 130 T are 
needed to ‘melt’ the charge order and induce ferromagnetism and metallicity in these 
manganites. The Neel temperature TN and the charge ordering temperature TCO of 
Bi0.5Ca0.5MnO3 are 120 K and 325 K and of Bi0.5 Sr0.5MnO3 are 110 K and 525 K[13-17] 
respectively. We have shown in our earlier work [8-9] that charge ordering is either fully 
or partly suppressed and there is a switch over from the anti-ferromagnetic phase to 
ferromagnetic phase, accompanied by a insulator to metal transition in Pr and Nd based 
nanomanganites. In this work, we show that even in  ~ 5 nm sized nanoparticles of Bi 
based manganites the charge order is fully retained at least up to room temperature. In 
addition, the antiferromagnetic phase also seems to remain unaffected in these 
nanoparticles.  
Experimental:    
Bi0.5X0.5(X=Ca,Sr)MnO3  nanoparticles are prepared by polymer precursor 
method[18]. As prepared samples are further heated (from 700oC to 900oC) to increase 
the particle size, but no increase in the particle size was observed. For convenience, these 
samples are labeled as BCMO7, BCMO9, BSMO7, BSMO9. X-ray diffraction (XRD), 
transmission electron microscopy (TEM), SQUID magnetometry and electron 
paramagnetic resonance (EPR) (Bruker X-band ESR spectrometer) measurements were 
used to characterize and to study the magnetic properties. 
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 Results and discussion:   
From the X-ray diffraction patterns as shown in the figure 1a and figure 1b, 
BCMO nanoparticles crystallize in monoclinic structure and BSMO nanoparticles 
crystallize in orthorhombic structure [16,19].  TEM measurements (figure 2a and 2b) on 
these samples have shown that the particles size is 5 nm and the size distribution is 
uniform. High-resolution electron microscopy (figure 2c) (HREM) shows that these 
particles are crystalline in nature. The interplanar spacing from the HREM picture is 3.84 
Ao. These are the smallest sized nanomanganites ever reported. SQUID magnetometry 
measurements were done on all the four samples from 10 to 300 K at a magnetic field of 
1 T. 
               Figure 3a shows the SQUID data of BCMO7 and BCMO9. It is seen that the 
qualitative behavior of these two samples is quite similar. They show anti ferromagnetic 
phase at around 120K and which is no different from the bulk value [14]. It is clear that 
the charge ordering nature of the compound doesn’t change until room temperature 
except to say that there is a small rise in magnetization at around 270 K. It might be 
possible that at around room temperature, the nature of charge ordering is changing with 
the particle size. This has to be confirmed by other temperature variation measurements. 
The magnetization decreases with the particle size though the strength of the anti-
ferromagnetic peak is seen to have decreased in BCMO7. 
        Figure 3b shows the SQUID data of BSMO7 and BSMO9 nanoparticles. These 
results show that the qualitative behavior of magnetization with temperature is similar. It 
is observed that the charge ordered phase is neither molten nor suppressed in the 
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temperature range studied. There is no change in the anti-ferromagnetic transition the TN  
being  110 K which is the same as reported bulk value [14]. These observations are 
supported by EMR measurements and are shown in figure 4. These signals are very broad 
(line width is of the order of 2500 G) and weak in intensity, which are likely the 
signatures of charge ordering manganites [21]. If there is a size induced ferromagnetism, 
the line width of the EMR signals would be a few hundred gauss in the paramagnetic 
phase [20]. So it is most likely that the charge ordering phase of these nanoparticles is not 
changed until room temperature. Temperature variation (from 4K to 300K) EMR 
experiments are done on 5nm BCMO7 nanoparticles. DPPH (diphenyl picryl hydrazyl) is 
used as a standard field marker.  As it is seen from the figure 4a, the EMR signals 
intensity decreases as one approaches towards anti ferromagnetic phase (TN = 120 K) 
from room temperature. Below 120 K, signal is disappeared which indicates the onset of 
ant-ferromagnetic phase. The sharp line centered around 3343 Oe is due to DPPH, used 
to find out resonance field accurately. The variation of EMR spectral parameters like line 
width (8HPP)  , resonance field (Ho) and the intensity (I) with the temperature are plotted 
in figure 4b. The line width increases with the decrease of temperature in the charge 
ordering phase. The resonance field and the intensity decrease as temperature approaches 
towards TN. These properties give the finger print signatures of the charge ordering phase 
[21]. 
Temperature dependent neutron and electron diffraction experiments are underway to 
study the effect of particle size on the charge ordering phase. From these studies it is 
known that destabilizing the charge ordering state in Bi based manganites is difficult 
even by decreasing their size down to 5 nm, where quantum mechanical properties are 
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expected to dominate. It seems that the hybridization between the 6s-Bi orbitals and 2p-O 
orbitals doesn’t change with the particle size and hence the local distortion of MnO6 
octohedra and mobility of eg electron remains the same as it’s bulk counterpart  which 
favours  charge ordering. From the above results it is known that the Bi based 
nanomanganites are quite different from rare earth based nanomanganites whose 
properties change dramatically with the particle size [8-10]. 
Conclusions:   
Nanoparticles (of size 5 nm) of Bi based manganites were prepared using polymer 
precursor sol-gel method. These particles are characterized by XRD, TEM, SQUID and 
EMR spectroscopy. From the magnetization and EMR studies it is concluded that the 
reduction in the particle size has no effect on either the charge ordering phase or the anti 
ferromagnetic phase in the temperature range studied. 
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Figure captions: 
 
1. Figures 1a and 1b show the XRD patterns of BCMO7 and 
BSMO7 nanoparticles.  
2. TEM micrographs of (a) BCMO7, (b) BCMO9 nanoparticles.  
The scale bar in fig. 2a is 20 nm and in fig. 2b it is 
5 nm. Figure 2c shows the HREM picture of BCMO7 single 
nanoparticle and the scale bar is 5 nm. 
3. Magnetization behavior of (a) BCMO7 (squares) and BCMO9 
(circles) and (b) BSMO7 (squares) and BSMO9 (circles) 
nanoparticles with temperature at a magnetic field of 1 
T.  
4. (a) EMR spectra at different temperatures. (b) 
Variation of EMR spectral parameters with temperature.  
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                         Figure 3a: Rao and Bhat  
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                                                                  Figure 4b: Rao and Bhat 
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